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SHOCK SHAPES AND PRESSURE DISTRIBUTIONS FOR LARGE-ANGLE 


POINTED CONES IN HELIUM AT MACH 
NUMBERS OF 8 AND 20 
By David A. Stewart and Mamoru Inouye 
Ames Research Center 


SUMMARY 


Bow-wave shapes and surface pressures were measured in helium at Mach 
numbers 8 and 20 on pointed cones with semivertex angles from 52° to 90°. 

For large cone angles (>_ 65°) the bow wave was nearly spherical, the bow-wave 
shape and surface pressure distribution were predicted adequately by both the 
method of integral relations and the method of Kaattari, and the bow-wave 
shape was not influenced by cone angle or small amount of bluntness. For 
cone angles approaching shock attachment (attachment < 6 < 65°) where the 
bow wave was no longer spherical, the method of integral relations adequately 
predicted the shock shape and surface pressure distribution. The Kaattari 
method was not applicable for these conditions. 


INTRODUCTION 


The conical body at zero angle of attack has been a basic shape in 
supersonic aerodynamic research for which much theoretical and experimental 
data has been accumulated over the years . 

For pointed cones with vertex angles small enough for an attached shock 
wave, the well-known conical flow solutions are applicable (refs. 1-4) and 
well substantiated by experiments. For large vertex angles where the bow 
wave is detached, no exact solutions exist, and very little experimental work 
is reported in the literature. 

For blunt cones, the bow wave is always detached. However, for small 
vertex angles, it is possible to solve numerically for the flow field in the 
subsonic-transonic region by an inverse method and the flow field in the 
supersonic region by the method of characteristics (ref. 5) . The results 
agree generally with experimental results. For large vertex angles with 
subsonic flow on the conical surface no exact solutions ze^cist , but some 
experimental results have been reported (refs. 6, 7). Approximate methods for 
predicting the flow fields include the method of integral relations (refs. 8, 
9) and the Kaattari method (refs. 10, 11). 

The present investigation was initiated to study the hypersonic flow of 
helium around pointed cones with large vertex angles and detached bow waves. 


The purpose of this report is to present the experimental data (shadowgraphs 
of the bow waves and surface pressure distributions) and to evaluate the 
extension of the aforementioned approximate methods to pointed cones. 


SYMBOLS 


D distance from sonic point on body to apex of shock wave, measured 

parallel to the body axis (fig. 1) 

M Mach number 

p pressure 

R radius 

Re Reynolds number based on free-stream conditions 

s distance along surface measured from the apex 

T absolute temperature 

x,y cylindrical coordinates 

A shock-wave standoff distance, measured parallel to the body axis 

6 cone semivertex angle 

Subscripts 

* sonic point 

o centerline 

t total free-stream conditions 

b base of body 

n nose of body 

00 free stream 


*2 


stagnation conditions behind normal shock 



TEST APPARATUS AND CONDITIONS 


Facility 

The tests were conducted in the Ames hypersonic helium tunnel, which is 
a closed-circuit, blowdown tunnel with contoured nozzles and with run times of 
1/2 to 2 minutes. The facility is described in reference 12. The shadow- 
graph system is of the single-path spark-gap type with a 0.004-inch-diameter 
orifice at the source. 

The tests were performed at free-stream Mach numbers of 8 and 20 under 
the following conditions: 


M 

oo 

p t , psia 

T t , °R 

Re/in. 

8 

ISO 

530 

2.4xl0 5 

20 

2000 

530 

7 .Ox 10 5 


Models 

The shapes tested were pointed cones with semivertex angles between 52° 
and 90°. A typical body is shown in figure 1. The model consisted of a coni- 
cal test surface with a short cylindrical afterbody 2.25 inches in diameter. 

Surface pressures were measured with bonded strain-gage transducers 
connected to 0.040-inch-diameter orifices at three locations (fig. 1). The 
exact locations varied with the cone angle, as indicated in the pressure dis- 
tributions shown later. The stagnation-point pressure was measured with a 
separate probe in the tunnel. 


APPROXIMATE PREDICTION METHODS 


The flow field around a blunt cone with subsonic flow over the surface 
may be predicted by the method of integral relations or the Kaattari method. 
Both methods are applied herein to a pointed cone. 

The method of integral relations, based on Belotserkovskii *s work 
(ref. 8) , solves the equations of motion for inviscid flow with the assumption 
that the flow properties across the shock layer may be represented by poly- 
nomials. For the one-strip solutions presented in this report, the polynomials 
reduce to straight lines. A brief discussion of the method may be found in 
reference 9. Since the method requires a rounded nose with a stagnation point 
at the centerline, solutions for a pointed cone may be approximated if the 
cone is considered to be blunt and to have a very small nose radius. A 
nose-to-base-radius ratio, R^R^, equal to 0.01 was used in the calculations 
in this report. 
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The Kaattari method (refs. 10 and 11) is a semiempirical approach that 
assumes a spherical bow wave with standoff distances at the centerline and at 
the sonic point obtained from empirical correlations. Surface pressure dis- 
tributions are then determined by means of continuity relations. Solutions 
for a pointed cone, in this case, may be approximated if the cone is assumed 
to be a spherical segment with the same inclination angle at the sonic point 
as the pointed cone. This configuration represents the limiting case of a 
cone with maximum nose bluntness; for example, R n / R b = 2 for a 60° semivertex 
angle cone and Rn/Rb = 00 f° r a flat-faced cylinder (90° semivertex cone) . 


RESULTS AND DISCUSSION 


The experimentally determined bow-wave shapes and surface-pressure 
distributions are presented in figures 2 through 6. These data are compared 
with the predictions of the method of integral relations and the Kaattari 
method. Bow-wave parameters of particular interest are the standoff 
distances at the centerline and at the sonic point. 


Shock-Wave Shape 

Shadowgraphs of the bow wave are shown in figure 2 for 52° <_ 6 <_ 90° 
and for = 8 and 20. Bow-wave detachment appears to occur at a cone half- 
angle between 52° and 55°. In reference 4, the detachment angle for pointed 
cones at M = 20 is given as 50.6°. The difference in detachment angle may 
be attributed to the fact that the tested cones are of finite length and thus 
the subsonic flow behind the bow wave is affected by the comer. The geometry 
of the bow wave for the pointed cones can be divided into two regimes from 
figure 2: (1) nonspherical bow-wave shapes near the attachment angle 

(52° < 6 < 65°) , and (2) spherical bow-wave shapes at large cone angles 
(6 >_ 65°) . For the same cone angle, the bow-wave shapes for = 8 and 20 
are similar, with the bow wave being slightly closer to the body for the 
higher Mach number. 


Bow-wave coordinates read from the shadowgraphs are compared in figure 3 
with predictions of the integral and Kaattari methods. Results from the 
integral method for = 20 (solutions for M ot = 8 are essentially identical) 
agree well with the experimental data for 55° < 6 < 80°. For 6 = 90°, the 
predicted bow-wave shape is noticeably closer to the body than the measured 
shape. For 6 = 52°, no solution was obtained because of the proximity to 
shock attachment. Results of the Kaattari method agree well with the 
experimental data for 6 >_ 65°, where the bow wave is spherical. For 
6 <_ 58°, agreement between the Kaattari method and experiment is poor because 
the effects of nose geometry are significant and the body shape can no longer 
be approximated by a spherical segment. 


The shock standoff distance at the centerline is shown in figure 4 to 
increase almost linearly with cone angle. This variation has been previously 
observed experimentally by Johnson (ref. 6) and theoretically by South 
(ref. 13). The predictions from the method of integral relations and the 


Kaattari method also show this behavior except for 6 < 65° , where the latter 
method is not applicable because of the difference in the nose shape. 

The shock standoff distance opposite the sonic corner. A*, and the 
distance from the sonic corner to the apex of the bow wave, D, are shown in 
figure 5 as functions of cone angle. These data show, in particular, that the 
normalized distance, A^/R^, is essentially independent of 6. This result is 
consistent with a mass balance at the sonic point where the free-stream mass 
entering through the area, ttR^ 1 2 , must equal the shock- layer mass leaving 
through the area, 27TR b A*. Since the flow conditions within the shock layer 
near the sonic point are also nearly sonic and thus independent of 6, it 
follows that A*/Rb should also be independent of 5. These data also show 
that the normalized distance, D/R^, is independent of 6 when the bow wave 
is spherical (6 >_ 65°), but that it decreases with 6 near the shock detach- 
ment regime. Values of D/R^ obtained by Johnson (ref. 6) for blunted cones 
with Rn/ R b =0*3 are also shown in figure 5 and agree well with the present 
results. It can be concluded from these data (fig. 5) that when the bow wave 
becomes spherical (6 >_ 65°) the shape of the bow wave is not appreciably 
affected by either cone angle or small amounts of bluntness. The two 
prediction methods show reasonable agreement with the experimental data. 


Surface Pressure Distributions 

Surface pressures measured at three locations on the cone are shown in 
figure 6 for 52° <_ 6 <_ 80° and for = 8 and 20. As the cone angle 
increases, the surface pressure level rises to the stagnation-point value. 

The method of integral relations shows good agreement with the data for all 
cases in which it could be applied (i.e., 6 >_ 55°), and the Kaattari method 
shows good agreement for 6 >_ 65°. The fluctuations in the pressure near 
the tip for the method of integral relations are due to the small nose blunt- 
ness. Modified Newtonian theory predicts the mean of the measured values for 
6 = 65° and 70°, but is low for smaller cone angles and high for larger cone 
angles . 


CONCLUSIONS 


Bow-wave shapes and surface pressure distributions were measured in 
helium at Mach numbers 8 and 20 on pointed cone models with semivertex 
angles from 52° to 90°. The data were compared with results from two approx- 
imate prediction methods. The investigation resulted in the following 
conclusions : 

1. For large cone angles (semivertex angles 65° or greater) the bow 
wave was nearly spherical and only slightly affected by changes in cone 

angle and nose bluntness. For 6 >_ 65°, the bow-wave shapes and surface 
pressure distributions were predicted adequately by both the method of 
integral relations and the Kaattari method. 
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2. For cone angles approaching the condition of shock attachment 
(semivertex angles less than 65°) , the bow wave was no longer spherical but 
changed appreciably with cone angle. For these cone angles, the bow-wave 
shape and surface pressure distribution were predicted adequately by the 
method of integral relations. The Kaattari method was not applicable for 
these cone angles. 


Ames Research Center 

National Aeronautics and Space Administration 

Moffett Field, Calif., 94035, Apr. 22, 1969 
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(a) Mo,, = 8 

Figure 2.- Shadowgraphs of how wave for conical bodies with semi vertex angles 

from 52 ° to 90°. 
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(Jd) Mco = 20 
Figure 2.- Concluded. 
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Figure 4.- Variation of centerline shock standoff distance with cone angle. 
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Figure 5-- Variation of shock standoff distance opposite sonic point with 

cone angle. 
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